The numerical simulations used in this study are built with the COMSOL multiphysics finite element solver including the arbitrary Lagrangian-Eulerian (ALE) formulation (Fullsack, 1995) to accommodate large deformation and erosion on the upper boundary of the model domain. The specifics of the model setup are described below.
insulated, so the net lateral heat flux equals zero. The geotherm between the uppermost and bottom boundaries is static, but we test a range of upper and lower boundary absolute temperature conditions from 30ºC on the top and 550ºC at the base (no uppermost crustal lid) to 230ºC on the top and 750ºC at the base (~8 km of overlying elastic crust). We adjust the basal and surface pressure condition accordingly in the cases with a lid.
The temperature on the top of the craton (Fig. DR1 ) at different depths is given by the solution (Molnar and England, 1990) for the steady state limit on a slipping discontinuity,
. In this expression, T' is the steady state temperature on the "fault", when T is the standard geothermal temperature for the given depth, b is a dimensionless correction factor, ! is the depth to the discontinuity, V is the slip rate, δ is the component of the dip of the fault in the thrust direction, and κ is the thermal diffusivity.
The initial mesh and the model conditions are also summarized in Figure DR1 .
The range of parameter values used in the sensitivity testing are given in Table DR2 .
Geometry
We calculate the time dependent pressure, temperature, and velocity fields for the model domain for a range of craton geometries (Table DR2 ). The craton is always a segment of an ellipsoid, to avoid solution singularities at indenter corners.
P-T-t Paths
We calculate depth-temperature-time for a set of particles moving though the model domain in a particular solution; these are assumed to represent the observed rock P-T-t results from geothermobarometry, geochronology, and thermochronometry.
Particles are "released" at the inflow boundary and move through the model domain according to the calculated velocity field at each time step. At each time step, their position in space and temperature are calculated, the former according to the velocity at the previous time step and the latter according to the temperature at the new particle position. This method assumes that there is no difference between the temperature of a virtual particle at some time step and its calculated thermal cooling age due to the thermodynamics of the mineral closure.
REFERENCES CITED
Fullsack, P., 1995, An arbitrary Lagrangian-Eulerian formulation for creeping flows and its application in tectonic models: Geophysical Journal International, v. 120, p. 1-
23.
Molnar, P., and England, P., 1990, Temperatures, heat flux, and frictional stress near major thrust faults: Journal of Geophysical Research, v. 95, . These illustrate the sensitivity of the model to variations in effective viscosity (left) and geometry (right). Figure DR4 . Particle T-t paths for non-preferred solutions. A range of particle T-t paths from non-preferred, end member simulations (grays) are shown with particle T-t paths for preferred model solutions (colors) that are presented in the main text (Fig. 3B ).
Temperature (°C)
Elapsed Time (45 Ma) Figure DR5 . Temperature-dependent viscosity laws. All of the viscosity relations except the constant viscosity case have the Arrhenius form; only the viscosity exponent varies. Larger values of n approach constant viscosity. In all cases, the average effective viscosity, given by the integral of the viscosity curve, is 10 21 Pa. Does not include K-Ar data. Data with larger errors not included.
